Background-Inpatient care is the primary driver of costs for patients with heart failure. It is unclear whether recent advances in heart failure care have reduced the costs to Medicare for the care of inpatients with heart failure. Methods and Results-In a retrospective cohort study of 1 363 977 elderly Medicare beneficiaries hospitalized with heart failure between January 1, 2001, and December 31, 2004, we examined costs to Medicare for all inpatient care, inpatient cardiovascular care, and inpatient heart failure care and the adjusted relationships between patient characteristics and costs. Among 1 363 977 Medicare beneficiaries with an index heart failure hospitalization, 901 885 (66%) had a subsequent inpatient claim during the following year. Noncardiovascular costs accounted for 57% of total inpatient costs, and costs associated with heart failure hospitalizations accounted for 15% of total inpatient costs. No significant changes occurred in total, cardiovascular, and heart failure inpatient costs over time. Conclusions-The costs of inpatient care for patients with heart failure are high, but most subsequent inpatient costs are attributable to noncardiovascular and non-heart failure admissions. Further research is needed to identify predictors of costs, so that patients can be stratified according to risk, and to evaluate strategies that target primary cost drivers for patients with heart failure. (Circ Cardiovasc Qual Outcomes. 2010;3:33-40.)
A pproximately 4.7 million people in the United States have heart failure, and approximately 550 000 new cases are diagnosed annually. 1 The 5-year mortality rate among patients with heart failure is close to 50%. The impact of heart failure is greater among elderly patients. Almost 75% of patients with heart failure are older than 65 years, and 80% of hospitalizations for heart failure occur among elderly patients. 2, 3 Moreover, 65% of elderly persons have 2 or more chronic conditions. 4 Consequently, even elderly patients with a primary diagnosis of heart failure on hospital admission are likely to be treated for other illnesses during the hospital stay or to be readmitted to the hospital for a different cause related to the initial admission. Nevertheless, the primary diagnosis remains the trigger for the allocation of Medicare payments to hospitals.
Treatment options for heart failure have advanced significantly during the past 15 years. A number of therapies that reduce heart failure hospitalizations have been tested in clinical trials, including angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers, ␤-blockers, and biventricular pacemakers. [5] [6] [7] [8] Because it can take years for the results of clinical trials to be adopted by practitioners in the community, reductions in clinical events in the general heart failure population may not be seen for some years after the dissemination of clinical trial results.
We designed a retrospective study of Medicare claims to examine inpatient claims for patients with heart failure. Given the burden of comorbid conditions in elderly patients with heart failure, we hypothesized that non-heart failure and noncardiac hospital admissions would account for a large proportion of inpatient costs. We undertook the study to develop a clearer picture of the inpatient costs of heart failure and to identify the distribution of those costs.
Methods

Study Population
From the Centers for Medicare & Medicaid Services (CMS), we obtained inpatient claims and the corresponding denominator files for all Medicare beneficiaries discharged between January 1, 2000, and December 31, 2005. The inpatient files include claims submitted for facility costs covered under Medicare Part A and contain beneficiary, physician, and hospital identifiers, admission and discharge dates, and International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedure codes. The denominator files include information about program eligibility and enrollment, birth dates, death dates, sex, and race/ethnicity as reported by Medicare beneficiaries at the time of enrollment. For this analysis, we used the race category "black" and combined all others as "nonblack." 9 We included all beneficiaries with a primary diagnosis of heart failure (ICD-9-CM codes 428.x, 428.2x, 428.3x, 428.4x, 402.x1, and 404.x1) on a single inpatient claim and considered the earliest such hospitalization on or after January 1, 2001 to be the index event. 10 Excluding beneficiaries with an index hospitalization in 2000 enhanced the comparability of the annual cohorts by ensuring that all cohorts had at least 1 year without a heart failure hospitalization before the index admission, which was considered a marker of disease stability. To avoid double-counting costs, we did not select patients in multiple years. We limited the analysis to beneficiaries living in the United States who were aged 65 years or older on the index date, were discharged alive from the index admission, and were eligible for Medicare during the previous 12 months.
WHAT IS KNOWN
• Heart failure places a heavy burden on healthcare resources in the United States. • Patients with heart failure also tend to have a large number of comorbid conditions. • In clinical trials, a large proportion of hospitalizations are for non-heart failure-related diagnoses. 
WHAT THE STUDY ADDS
Covariates
We extracted beneficiaries' demographic characteristics from the denominator files. We reserved data from 2000 for identifying baseline comorbid conditions and covariates for beneficiaries whose index admission occurred during 2001. Consistent with the current approach for case-mix adjustment at CMS, we used Hierarchical Condition Categories (HCCs) to define the comorbid conditions. 11,12 Specifically, we looked for evidence of cardiorespiratory failure and shock (HCC 79), valvular and rheumatic heart disease (HCC 86), hypertension (HCCs 89 and 91), stroke (HCCs 95 and 96), renal failure (HCC 131), chronic obstructive pulmonary disease (HCC 108), pneumonia (HCCs 111 to 113), diabetes mellitus (HCCs 15 to 20 and 120), dementia and major psychiatric disorders (HCCs 49, 50, and 54 to 56), peripheral vascular disease (HCCs 104 and 105), metastatic cancer (HCCs 7 and 8), chronic liver disease (HCCs 25 to 27), specified heart arrhythmias (HCC 92), and other heart rhythm and conduction disorders (HCC 93). We also searched for evidence of ischemic disease, which we defined as a history of percutaneous transluminal coronary angioplasty (ICD-9-CM codes 360.1, 360.2, and 360.5), coronary artery bypass graft surgery (ICD-9-CM code 361.x), receipt of an implantable cardioverter-defibrillator (ICD-9-CM codes 379.4, 379.5, 379.6, 379.7, and 379.8), acute myocardial infarction (HCC 81), unstable angina and other acute ischemic heart disease (HCC 82), or chronic atherosclerosis (HCCs 83 and 84). In addition, we calculated the length of stay for the index hospitalization and total Medicare payments for hospitalizations in the 365 days before the index date. We report all Medicare payment amounts in 2001 U.S. dollars.
Statistical Analysis
We present the baseline characteristics of the study population, displaying categorical variables as frequencies and continuous variables as means with SDs. We describe mean readmissions within 1 year of the index heart failure hospitalization in the overall cohort and among patients with at least 1 readmission. Transfers to or from another hospital did not count as readmissions for the purpose of counting hospitalizations, even though these claims were used to calculate total costs to Medicare. We present descriptive statistics of inpatient costs at 1 year and show the distribution of inpatient costs by DRG within 30 days and 1 year of the index hospitalization. To examine the unadjusted relationships between covariates and total costs, we used generalized linear models with a log link and Poisson distribution and with adjustment for clustering of similar patients within hospitals. When exponentiated, the for all causes, 0.6 (SD, 1.1) for cardiovascular readmissions, and 0.3 (SD 0.8) for heart failure readmissions. Among patients with at least 1 readmission, the mean increased to 2.3 (SD, 1.7) for all causes, 1.0 (SD, 1.2) for cardiovascular readmissions, and 0.5 (SD, 0.9) for heart failure.
Costs associated with noncardiovascular hospitalizations accounted for 57% of total inpatient costs, and costs associated with heart failure hospitalizations accounted for 15% of total inpatient costs. As shown in Table 3 , the mean 1-year cost during the 4-year period was $1866 for heart failure causes, $5497 for cardiovascular causes (including heart failure), and $12 719 for all-cause admissions. During the 4 years of the study, we observed a modest decline in mean 1-year inpatient costs for heart failure from $1985 in 2001 to $1797 in 2004 (PϽ0.001; Table 3 ). However, we observed a slight increase in mean all-cause inpatient costs of $209 per patient during the same period (PϽ0.001), with an increase in mean cardiovascular inpatient costs of $129 (PϽ0.001).
Among DRGs reported on subsequent Medicare claims after an index heart failure admission, heart failure was the costliest and accounted for 13% of total 30-day costs and 15% of total 1-year costs ( Table 4 ). Other high-cost DRGs at both 30 days and 1 year were related to rehabilitation, mechanical ventilation for respiratory failure, implantation of cardiac valves, and renal failure. Inpatient costs associated with therapeutic device implantations accounted for 3.9% of total 30-day costs and 2.7% of total 1-year costs (data not shown).
Several patient characteristics predicted 1-year inpatient costs after an index heart failure admission ( Table 5 ). Predictors associated with higher costs included having inpatient costs in the prior year, receiving care in the northeastern United States, renal failure, valvular heart disease, black race, and diabetes mellitus. Predictors associated with lower costs included greater 
Discussion
In this large cohort study of Medicare beneficiaries followed after an index heart failure admission, inpatient costs continue to be high, with more than 25% of patients incurring costs of more than $16 000 at 1 year. Although the index event was a heart failure admission, subsequent costs were primarily for noncardiovascular events. Even among cardiovascular expenditures, admissions for heart failure represented a minority of costs. However, among all DRGs reported on subsequent Medicare claims, heart failure remains the single costliest, accounting for 15% of total 1-year inpatient costs. Our findings are consistent with findings from randomized clinical trials. The 3164 participants in the treatment and placebo arms of the Assessment of Treatment With Lisinopril and Survival (ATLAS) had a total of 8216 hospital admissions; heart failure hospitalizations contributed only 2775 (33%) to the total number of admissions. 5 Similarly, in the Cardiac Insufficiency Bisoprolol Study II (CIBIS-II), the proportion of participants in the treatment arm who were admitted for worsening heart failure symptoms (nϭ159 [12%]) was similar to the proportion in the placebo arm (nϭ232 [18%]). 6 The all-cause hospital admission rate in the treatment arm was 33% (440/1327).
Diabetes mellitus, hypertension, and chronic obstructive pulmonary disease are among the most prevalent comorbid conditions among elderly patients with heart failure. For example, in a meta-analysis of 6 ␤-blocker trials, including CIBIS-II, Haas et al 13 found that 24.6% of patients had diabetes mellitus. The same high prevalence of these comorbid conditions was seen in the current study, in which comorbid conditions were significant predictors of higher total inpatient costs.
Our finding that the majority of inpatient costs in a cohort of patients with heart failure were for non-heart failure diagnoses has important therapeutic implications. Therapies like ACE inhibitors and spironolactone that target the underlying pathology of heart failure and are beneficial for other coexisting conditions may have a greater impact on overall morbidity and cost. ACE inhibitors, for example, are known to improve outcomes not only for patients with heart failure, but also for patients with hypertension, diabetes mellitus, renal dysfunction, and coronary artery disease. 14 -20 In ATLAS, treatment with an ACE inhibitor reduced hospitalizations for heart failure (1576 versus 1199, low-dose versus high-dose; Pϭ0.002), reduced hospitalizations by an additional 90 admissions when all cardiovascular hospitalizations were considered (2923 versus 2456, low-dose versus high-dose; Pϭ0.05), and reduced hospitalizations by another 111 admissions when all hospitalizations were considered (4397 versus 3819, low-dose versus high-dose; Pϭ0.02). 5 In contrast with ACE inhibitors, the effects of aldosterone are primarily directed at pathological issues related specifically to cardiomyopathy, particularly at low doses used in clinical trials. 21 Thus, in the Randomized Aldactone Evaluation Study (RALES), spironolactone reduced heart failure hospitalizations by 250 (663 versus 413, placebo versus spironolactone; PϽ0.001) but did not provide further reductions in hospitalizations for cardiovascular events (753 versus 515, placebo versus spironolactone; PϽ0.001) or noncardiovascular hospitalizations (377 versus 361, placebo versus spironolactone). 22 Although the cost savings associated with both treatments were similar ($875 versus $713, lisinopril versus spironolactone), the actual cost saving was likely greater for lisinopril given the significant difference in cost for the therapy ($0.92 versus $0.48 per day of therapy, lisinopril versus spironolactone). 23, 24 Limitations This analysis has some limitations. First, we used ICD-9-CM diagnosis codes to identify heart failure admissions. Although other studies have shown that a single inpatient diagnosis of heart failure has high specificity, 25 medical chart review is likely to be more sensitive. 26 -28 Our analysis did not take into account coding changes that may have occurred during the period of the study. This may have payment implications using the CMS-HCC method. Second, although a non-heart failure diagnosis may have been the reason for a subsequent admission, heart failure may have contributed to the event. For example, in 23% of rehabilitation claims, heart failure was noted as the second diagnosis. We did not assign costs to clinical events, but rather summed Medicare payments that were reflected in administrative data. Third, the analysis is limited to Medicare beneficiaries aged 65 or older with fee-for-service coverage, so the results may not be generalizable to all patients with heart failure. However, the findings do reflect the experience of a substantial number of relevant patients. Fourth, the costs reported are for inpatient care paid by Medicare during the study period. This analysis does not take into account changes in reimbursement during the study period or the potential that coding practices changed over time because of the payment implications of the CMS-HCC method. 12 Out-of-pocket costs, outpatient care costs, and those paid through supplemental insurance are not included. For Medicare beneficiaries who continue to work for an employer with 100 or more employees, Medicare is the secondary insurer. Only costs to Medicare and not costs of total inpatient care for these patients were included in this analysis. In addition, there is no way to explore how medication use contributed to the findings we observed. Finally, claims are not filed during periods of managed care enrollment, so the analysis underestimates costs to the extent that fee-for-service beneficiaries switched to managed care and were readmitted. 
Conclusion
Given the findings of this study that the majority of inpatient costs incurred in the care of patients with heart failure are for non-heart failure admissions, treatment strategies need to target outcomes beyond heart failure to have a significant impact on health care costs. The movement within clinical trials to focus on heart failure end points may provide positive results for the study but could mislead policy makers into believing that overall health care costs will be reduced through the implementation of a treatment or care strategy.
